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ABSTRACT 
Sediment load in streams is the major non-point source pollutant originating from 
agriculture landscapes. Bank erosion can contribute 45-60% of the sediment load in streams. 
Land-use practices such as row cropping and grazing, combined with channelization of 
meandering reaches of streams have accelerated bank erosion rates and increased the 
sediment load in streams. The Bear Creek Watershed, located in north central Iowa, is a 
Clean Water Action Plan National Restoration Showcase and U.S. Department of Agriculture 
National Research and Demonstration Buffer Site. A 11 km reach of Bear Creek was selected 
to compare bank erosion and soil loss of riparian buffers, corn or soybean row-cropped fields 
and cow or horse pastures along meandering and channelized reaches. The specific 
objectives were to examine the affects of land-use practices and stream patterns on bank 
erosion and the effectiveness of buffers in decreasing bank erosion rates. The pin method was 
used to measure bank erosion because it is very good for short time-scale studies with high 
resolution that capture small differences in bank erosion at relatively low cost. Thirty three 
erosion pin plots were randomly assigned to the seven treatment reaches for a total of 
approximately 1100 pins. The pins were measured approximately every 1110nth from June. 
1998 to May, 1999. Soil losses for each treatment reach were estimated from the mean bank 
erosion rates. the mean bulk densities. and the total eroding length and the average height of 
the eroding sites. Bulk densities were estimated with the core method. and the length and 
average height of all the eroding sites were surveyed. The percent eroding length. that is the 
ratio of the length of the banks that are eroding to the total length of the stream bank for a 
treatment reach. was also estimated. The highest bank erosion rates where on the outside 
bends of cattle grazed pastures and crop fields with losses of 33 and 34 cm y{l. Buffered 
x 
banks had the lowest erosion rates. with only 12 cm yr"1 lost. Bulk densities were similar. but 
soil losses and percent eroding length were affected by land-use practices. Cattle grazed 
pastures and crop fields lost 341 kg m-Iand 288 kg m- I respectively. while riparian bufTers 
lost only 55 kg m- I. Similarly. the percent eroding length was 52 % in the cattle grazed 
pasture, 44 % in the cropped fields and only 27 % in the riparian buffers. If the entire 11 km 
reach of Bear Creek had riparian multi-species buffers. the bank soil loss would be reduced 
by 62 percent. Riparian buffers provide an alternative land-use practice that will substantially 
reduce soil bank loss and sediment load in the streams while also being financially attractive 
to farmers because the Conservation Reserve Program subsidizes compensate for lost 
agriculture income. 
CHAPTER 1: GENERAL INTRODUCTION 
Introduction 
Context of problem 
Frequent floods in Iowa during the past 10 years have caused serious stream bank 
erosion. Although stream bank erosion has lately captured the attention of the public in Iowa. 
it is not a local or a new problem. Bank erosion was recognized as a nationwide problem in 
1974, when the United States Congress enacted the Streambank Erosion Control Evaluation 
and Demonstration Act (Section 32 of Public Law 93-351). 
Streambank erosion refers to soi110st from the bank. This type of erosion can lead to 
substantial loss of land. In many cases, although the stream channel width remains the same, 
the land value adjacent to the stream is reduced because sand and gravel replace fertile crop 
land on the point bar side of the stream (Roseboom, 1987; and Odgaard, 1984). Bank erosion 
also leads to the loss of structures adjacent to eroding banks (Henderson, 1986). 
Although loss of soil is a serious problem, the increase in sediment load may be an 
equal or greater problem. The contribution of bank erosion to sediment load varies, 
depending on the stream, from less then 5 percent (Stott et aL 1983), to 33 percent 
(Anderson, 1954),44 percent (Stiffler. 1964),45 percent (Odgaard. 1984). and even 59 
percent (US Army Corp of Engineers. 1983). 
Sediment is recognized nationwide as a pollutant with the non-point source control 
requirements of Section 319 of the 1987 Clean Water Act. In streams it is the major non-
point source pollutant (NPS) by volume in midwestern streams (Iowa Department. Natural 
Resources. 1997) that can account for 47 percent of the NPS pollutants (ASIWPCA. 1984). 
An increase in the sediment load of a stream decreases water quality substantially. and 
degrades aquatic life (Iowa Department of Natural Resources. 1997: FISEWG. 1998). 
Increased sediment load, leads to higher costs for municipalities that need to increase water 
purification (Barnes, 1968). 
Sediment in a stream also fills up reservoirs decreasing reservoir storage and 
eventually leading to dredging (Petersen et al., 1992). Decreased reservoir capacity 
diminishes flood control that leads to a less dependable water source for public water supply. 
irrigation and 'recreational uses (Wilkin et aI., 1982). 
Sediment can also carry nutrients and toxic pollutants (ASIWPCA. 1984). Sharpley et 
a1. (1979) found that stream bank erosion and resuspension of sediments were the major 
contributors of particulate P and total P in the water. In a similar study. Roseboom (1987) 
found that 40 percent of the nitrogen, 50 percent of the ammonia. and 56 percent of the 
phosphate in the stream were derived from bank erosion in a channelized floodplain. 
From an aesthetic point of view, both eroding banks (FISEWG. 1998) and increased 
sediment in stream water are not pleasing (Welsch. 1992). Overall serious economic and 
environmental costs occur to society from all the destructive activities mentioned ahove. 
Site description 
The Bear Creek watershed. a Clean Water Action Plan National Restoration 
Showcase Watershed and a U.S. Department of Agriculture National Research and 
Demonstration Buffer Site. provides an excellent opportunity to study stream bank erosion in 
buffered and non-buffered reaches of the stream. The Bear Creek watershed is located in 
Story and Hardin counties of central Iowa. in the Des Moines lobe subecoregion (Griffith et 
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aI., 1994), northeast of Ames (Figure I). Bear Creek empties in the Skunk River 7 km north 
of Ames. 
Approximately 4.5 km of the riparian zone of Bear Creek is vegetated with a nine 
year-old and a six year-old multi-species buffer along a meandering reach and a three-year 
old multi species buffer along a channelized reach. Buffer areas can slow the greatly 
accelerated erosion caused by current agricultural and grazing practices (Schultz et aL 1997) 
and reduce this environmental problem in a diverse, natural and representative way (Boon. 
1992). 
Sites managed for row crops or pastures also exist along the creek. The length of the 
main channel is approximately 40 km. Table I provides detailed characteristics of the 
watershed dimensions and ground cover, the stream lengths of the main channel and the 
tributaries, and the buffered lengths. The different riparian land-use practices along adjacent 
Table 1. Bear Creek watershed characteristics. The watershed dimensions, the stream 
lengths, the buffered stream lengths added each year, and the watershed ve~etation 
ground cover percentage in t 997. 
Watershed dimensions 
23.0 km long 
0.6 km at narrowest width 
5.9 km at widest width 
77 km2 total watershed area 
Buffered stream lengths added each year 
0.8 km in 1990 
2.1 km in 1994 
0.4 km in 1996 
1.2 km in 1997 
4.5 km is the total buffered length 
Stream lengths 
main channel is 39.6 km 
tributaries are 47.4 km 
tCltal stream length is 86.7 km 
Watershed vegetation ground cover 
percentage in 1992 
52.6% is in corn 
29.3% is in beans 
5.8% is set aside 
4.6% is permanent grass 
3.0% is road ways 
2.4% is forest 
2.3 is in other covers 
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5 
reaches of Bear Creek, allow the study of differences in bank erosion in cultivated corn (Zea 
mays L.) and soybean (Glycine max L.) fields (typically alternating each year). grass horse 
or cattle pastures and existing or re-established buffered sites. However. in most cropped 
sites a narrow band of pererinial and annual non-crop vegetation exists along the stream. 
Stream meandering and channelized patterns, and the precipitation were also considered in 
the study. 
Multi-species riparian buffer systems 
The Agroecology Issue Team (AIT) of the Leopold Center for Sustainable 
Agriculture located at Iowa State University. Ames. Iowa. has developed the multi-species 
riparian buffer (MRB). The general structure of the multi-species riparian buffer consists of 
three vegetation zones with a total width of 20 meters (Isenhart et a1.. 1997). This width can 
vary significantly based on site conditions and land owner objectives. 
The first zone of vegetation is 10m wide with four to five rows of trees that start at 
the stream bank edge. The trees provide stream bank stabilization and long-term nutrient 
storage. Typical species are willows (Salix s.\p). hybrid poplar (Pop1llus s.\p). silver maple 
(Acer saccharinum L.) and green ash (Fraxinus pennsylvanica Marsh.). and all native fast 
growing species. Slow growing species such as northern red oak (Querclls r1lhra L.). bur oak 
(Quercus maerocarpa Michx.), swamp white oak (Querclls hieolor Willd.). and black walnut 
(Juglans nigra L.) are planted if conditions permit. in the rows furthest from the stream bank. 
The second zone is approximately 4 m wide and contains one or two rows of shrubs. 
Typical species include, red-osier (Comus stojinera Michx.) and gray dogwood (Comus 
racemosa Lam.). chokecherry (Prunus virginiana L.). Nanking cherry (Prun1ls Imnenlosa 
6 
Thurn.), and nannyberry (Viburnum lentago L.). The function of this zone is to reduce the 
velocity of the floodwater and increase habitat diversity. 
The third zone is a native grass zone with a width of approximately 6 meters and is 
located at the crop field iterface. This zone can reduce energy. sediment load and agricultural 
chemicals in surface runoff. Switchgrass (Panicllm virgatllm L. cv. Cave-n Rock) is often 
planted because it grows fast, has dense and stiff stems, and provides rapid protection to sites 
with severe runoff. Other warm-season grasses like big bluestem (Andropogon geraldii 
\ 
Vitman) or Indian grass (Sorgastrum nutans L.) and native forbs can be planted. 
Factors that affect bank erosion 
Bank erosion is a function ofland-use, topography, bank materiaL river morphology 
and weather cycles (Hagerty et al.. 1981). A detailed analysis of land-use. river patterns (part 
of river morphology) and precipitation (part of weather cycles) will follow. Topography and 
bank materials were relatively similar in the research area and were not considered a major 
part of the study. 
Land-use practice is an important variable because it reflects human manipUlation of 
vegetation cover that has important implications for bank erosion. Odgaanl (1987) 
mentioned that the existence of vegetation and the degree of vegetation cover are crucial t(W 
bank erosion. In the Midwest most of the prairie and savanna plant communities that once 
covered most of the area and produced the very productive Mollisol soils have been 
converted to row-crop agriculture (Burkhart et al., 1994). Less then 10% of the land is 
covered by natural vegetation (Burkhart et al.. 1994). Even the riparian zones along streams 
have been converted either to row-crops or to grazed pastures or planted to narrow cool-
season grass strips (Schultz et aI., 1996). A field study showed that as the proportion of land 
7 
devoted to agriculture increased, the natural riparian vegetation in a watershed decreased 
(Petersen et al., 1992). The replacement of the natural vegetation by row-crops and grazing 
increased soil loss and bank erosion dramatically. Hamlett et al. (1983) found that as row-
crop agriculture became more intensive, increasing land percent of cultivation, the stream 
channel widened and deepened. 
Bank erosion is a part of the natural function of streams and cannot be eliminated 
entirely (Henderson, 1986). Bank cutting, sediment transfer and sedimentation are an 
essential part
1
0f meander formation (Matthes, 1941; and Friedkin, 1945). Accelerated erosion 
refers to erosion rates that exceed rates under natural conditions (Henderson. 1986). Leaving 
natural buffers along a stream will stabilize the bank (Schultz et al.. 1996) and reduce bank 
erosion significantly. Planted vegetation on the bank reduces bank erosion (Shields et al.. 
1995) because the root systems of the plants increase soil strength (Coppin et al.. 1990). 
Areas without vegetation have up to five times more detectable erosion after flood events 
compared to areas with riparian vegetation (Beeson et al.. 1996). Major bank erosion (lateral 
erosion exceeding approximately 45 m) on non-vegetated sites was 30 times more frequent 
compared to vegetated sites (Beeson et al.. 1996). 
Humans have not only altered the vegetation but have also altered channel 
morphology and specifically channel patterns. Channel pattern refers to the meander. braided 
or straight configuration of the channel as seen from above (Leopold et al.. 1964). The 
pattern of a river depends on a number of factors. One very influential factor is vegetation. 
For example, in New Zealand the stream pattern changed from braided to meandering when 
willow shrubs were planted (Nevins. 1969). 
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In Iowa, meandering is the typical pattern but many channels have been straightened 
and deepened to facilitate cultivation (Schultz et aI., 1996). In Illinois. excluding the 
Mississippi, Ohio, and Wabash rivers, 27% percent of the rivers have been channelized 
(Lopinot, 1972). Channelization results in two major negative affects. First channelization 
leads to an increase in the velocity of the stream water resulting in scouring of the banks. 
Meanders, in contrast, can diffuse the destructive forces of stream water by decreasing 
stream velocity (Petersen et aI., 1992). In addition. the riffle and pool pattern that is typical in 
meanders, pr~vides excellent aquatic habitat. OveralL channelization deepens and accelerates 
erosion, especially in the valley floor and affects the whole drainage system. not just the 
channelized sections ofthe stream (Schumm et aI., 1984). Secondly, once the stream adopts 
the meandering pattern, it cannot change back to the straight pattern (Dunne et at.. 1978). If a 
reach is channelized it will return to the natural meandering stream pattern which means that 
maintenance will be necessary to keep the channelized pattern. 
Finally, precipitation plays an important role in bank erosion because it correlates 
with high flows (Lawler, 1992a) and bank moisture (Hagerty et at.. 1981). both significant 
factors in bank erosion processes. In contrast to the factors described above. precipitation can 
remain relatively the same if the watershed is small. 
. Thesis organization 
The thesis consists of four chapters that discuss the results of bank erosion under 
different land-use practices and stream patterns in the Bear Creek Watershed. Chapter 1 is a 
general introduction to the problem. a literature review of the dominant bank erosion 
mechanisms and bank erosion measurement methods, and the objectives and hypothesis of 
the project. The next two chapters contain manuscripts. The first manuscript entitled 
9 
"Differences in Bank Erosion Rates under Different Land-Use Practices and Stream 
Patterns" will be submitted to the Water Resource Bulletin. It compares the different erosion 
rates under the different land-use practices and stream patterns. and the importance of 
vegetative cover. The second manuscript entitled "Differences in Sediment Yield from Bank 
Erosion under Different Land-Use Practices and Stream Patterns" concentrates on the mass 
of soil lost from the banks under different land-use practices and stream patterns. The second 
manuscript will be submitted to the Journal of Environmental Quality. Each manuscript 
includes the following sections: abstract, introduction. methods and materials. results and 
discussion, and references. Chapter 4 presents a general conclusion. 
Literature review 
Bank erosion processes 
Soil that is lost from the streambank. for a number of reasons. is called bank erosion. 
Many different opinions have been expressed as to the most important processes in bank 
erosion. According to Lawler (1992a), three dominant mechanisms exist. Mass failure. a 
geotechnical process; occurs when banks are too tall and too steep to maintain bank integrity 
and large blocks may collapse into the channel. Fluid entrainment. a fluvial process. occurs 
during high discharge events when pores in the bank become saturated and the pressure of 
the water is able to dislodge soil from the bank. Subaerial preparation. a physical process. 
involves loosening of the soil material by rain splash. freeze and thaw in the winter. and 
desiccation during the summer. All three usually contribute to bank erosion. but which one 
dominates depends on the watershed drainage area and the location of the eroding bank in the 
stream (upstream, mid-basin. or downstream). Subaerial preparation dominates in small 
drainage basins. fluid entrainment dominates in the middle size drainage basins and mass 
10 
failure dominates in large systems, like the Mississippi (Lawler. 1992a). In the upstream 
reaches subaerial processes are dominant, while in the mid-basin reaches fluvial entrainment 
dominates, with mass failure dominating in the lowest reaches (Lawler. 1995). Hagerty 
(1983) adds that water seepage from the banks is also a very important factor in bank 
erosIOn. 
Bank erosion measurement methods 
Studying stream bank erosion is difficult because of its high variability along the 
same stream. This high variability has led to the development of a number of different 
techniques depending on the objectives of the study. The most significant component in these 
techniques is the time scale considered for bank erosion. The techniques can be divided into: 
long, intermediate and short time scale methods. Lawler (1993a) has described the most 
important techniques of measuring bank erosion. Long time scale methods detect erosion 
changes over 10-20,000 years. The most typical methods provide sedimentologicaL botanical 
and historical evidence. All of these techniques involve graphical reconstruction of the 
channel in different time periods. The sedimentological method involves establishing alluvial 
chronologies. This is based on fluvial deposits on the stream banks that can be dated. The 
botanical method looks at the living vegetation on the bank or dead vegetation that exists in 
the soil of the banks. Finally, the historical method uses sources like early maps. aerial 
photographs. surveyor's notes and diaries. 
Intermediate time scale methods detect erosion for a period of 1-30 years. The most 
important techniques are planimetric resurvey and repeated cross-profiling. The planimetric 
resurvey method simply surveys lengths and widths of the channel. This can be done with 
plane-tabling, baseline resurvey. tacheometric methods and electronic distance measuring. 
II 
Repeated cross-profiling is similar to planimetric resurvey with the addition of permanently 
marked channel cross-sections. 
Short time scale methods can detect erosion over a few months up to a few years. 
with the most important techniques being terrestrial photogrammetry. erosion pins (will be 
explained in more detail in the methods and material section) and photo-electronic erosion 
pins (or PEEP). Terrestial photogrametry uses a photogrammetric camera. integrated with a 
theodolite and takes stereoscopic pairs of pictures of eroded banks. The PEEP (Lawler. 
, 
1992b) is the most recently developed method and consists of a clear acrylic tube that 
contains photovoltaic cells. The tube is inserted perpendicularly into the bank. Erosion leads 
to exposure of cells to sunlight that is converted to voltage output and recorded by a 
datalogger. Short time scale methods have high resolution compared to the long and 
intermediate time scale methods. Finally. there are a number of miscellaneous techniques that 
have been used that mostly provide qualitative data. These are morphological evidence. local 
opinion, 'thermal disturbance' method, hydrographic resurvey. sediment traps. repeated 
photography, painted sections. erosion boxes and erosion frames (Lawler. 1993a). 
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CHAPTER 2. BANK EROSION UNDER DIFFERRENT LAND-USE 
PRACTICES AND STREAM PATTERNS ALONG BEAR CREEK IN 
NORTH CENTRAL IOWA 
A paper to be submitted to the Water Resources Bulletin 
George N. Zaimes, Richard C. Schultz, Thomas M. Isenhart 
Abstract 
Vegetation cover is crucial for the stability of a streambank. In Iowa, the vegetation 
cover has changed from forest savanna and prairie plant communities to row-crops and grass 
pastures. This is true even in the areas adjacent to streams and creeks. The destruction of 
riparian vegetation has accelerated bank erosion processes in the region. The Bear Creek 
Watershed, in north central Iowa, provides an excellent opportunity to compare bank erosion 
between riparian multi-species buffers, row-cropped fields and grass pastures along 
meandering and channelized reaches. The reaches are adjacent to one another and other 
factors influencing the creek channel are relatively similar. Erosion pins were used because 
they provide high resolution for short-time scale bank erosion studies. Thirty three plots 
containing 1100 pins were used and were measured approximately every month. From June 
1998 to May 1999 the cattle pasture meander and crop meander reaches had the highest 
erosion rates with 33 cm and 34 cm of bank lost, respectively. The buffer meander reach had 
significantly less erosion then the other reaches at 12 cm of bank lost. No significant 
differences were found between channelized and meandering reaches. 
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Introduction 
The objective of this study was to determine if riparian multi-species buffers reduce 
streambank erosion along reaches that had previously been grazed or cultivated to the bank. 
Additionally, comparisons were made between channelized and unchannelized sections. 
Bank erosion is a function ofland-use, topography. bank material. river morphology 
and weather cycles. The topography and the bank material in the research reach of this study 
are very similar and emphasis was placed on describing the other three factors that influence 
bank erosion. 
In Iowa the influence of land-use practices on bank erosion is very important because 
most of the landscape in the state has been converted from forests. prairies and savannas to 
row-cropped fields and grass pastures (Burkhart et aI., 1984). Many of the riparian zones 
along streams are either cropped or grazed. Removal of riparian trees increases bank erosion 
(Dunne et aI., 1978; Gregory. 1992) and as row-crop agriculture becomes more intense. the 
streams widen and deepen (Hamlett et al.. 1983). 
Bank erosion is a natural function of streams and cannot be eliminated entirely 
(Henderson, 1986). but current agricultural and grazing practices have greatly accelerated 
bank erosion. Bank strength is affected.by vegetation (Hickin, 1984) and bank erodibilty is 
closely related to root density (Smith, 1976). Leaving natural buffers or planting buffers 
along streams will reduce the accelerated bank erosion (Welsch, 1991; Petersen et al.. 1992; 
Shields et al.. 1995; Beeson et aI. 1996). Loss of buffer vegetation transforms the floodplain 
into a source of sediment and nutrients (Fehrenbacher et aI., 1977). According to Beeson et 
aI. (1996) areas without vegetation have up to five times more chance of detectable erosion in 
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flood events compared to areas with riparian vegetation and major bank erosion on non-
vegetated sites is 30 times more prevalent compared to vegetated sites. 
Stream channel alteration, such as channelization, also impacts bank erosion 
(Henderson, 1986). To make farming easier many stream channels have been straightened 
(Roseboom, 1992). Channelizing leads to increased velocities of discharge that causes 
scouring, steepening and deepening ofthe stream (Schumm et al.. 1984). Under natural 
meandering conditions, an equilibrium between discharge. channel morphology and sediment 
load exists. Once the natural stream system is modified the equilibrium no longer exists ad 
the stream will attempt to re-establish equilibrium conditions (Dunne et aL 1978). 
Precipitation also has an impact on bank erosion. Precipitation intensity and duration 
are associated with high discharges (Lawler. 1992) and bank moisture (Hagerty. 198]). High 
discharge provides more erosive energy and high antecedent bank conditions arc conductive 
to bank erosion. 
Bank Erosion Processes 
According to Lawler (1992. 1995), there are three dominant bank erosion 
mechanisms. Mass failure. a geotechnical process. occurs when the banks are too tall and too 
steep to maintain bank integrity and large blocks may collapse into the channel. Fluid 
entrainment, a fluvial process. occurs during high discharges when banks become saturated 
and the force and turbulence of the water is able to dislodge soil from the bank. Subaerial 
preparation, a physical process, includes loosening of the bank material by rain splash. freeze 
and thaw in the winter, and desiccation during summer. All three processes usually 
contribute to bank erosion. but which one dominates depends on the size of the watershed 
and the location of the eroding bank along the stream (upstream. mid-stream, downstream). 
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Finally, Hagerty et al. (1983) mentions that water seepage from the bank is also an important 
factor of bank erosion. 
Bank Erosion Measurement Methods 
A number of different techniques for measuring bank erosion have been developed 
that depend on the time scale of interest. These techniques are divided into methods that 
provide long, intermediate and short time scale measurements (Lawler, 1993a). 
Sedimentological, botanical and historical methods involve graphical reconstruction of the 
/ 
channel in different time periods and provide evidence of changes over 10-20.000 years. The 
planimetric resurvey and repeated cross-profiling methods detect erosion over 1-30 years. 
Terrestrial photogrammetry, erosion pins and photo-electronic erosion pins (or PEEP) are 
short time scale methods that detect changes over a few months to several years. 
Methods and Materials 
Research Reach 
This study was conducted in an 11 km reach of Bear Creek. located in north central 
Iowa. The research reach starts from county road D65 in Hamilton County extending 
downstream to county road R 77 in Story County. It contains row-cropped fields. grass 
pastures. and riparian multi-species buffers along meandering and channelized reaches. 
The 20 m wide multi-species riparian buffer consists of three vegetation zones 
(Isenhart et at.. 1997). The first zone. located nearest to the stream channel. consists of trees 
that stabilize the stream bank and provide long term nutrient storage. The second zone 
consists of shrubs that increase habitat diversity and reduce floodwater velocities. The third 
consists of warm-season grasses that reduce sediment load and agricultural chemicals for 
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surface runoff. Corn (Zen mays L.) and soybeans (Calycine max L.) are grown in alternating 
years on the crop fields and livestock is usually confined to the riparian zone. 
Treatment Reaches 
Treatment reaches were divided by stream pattern into meandering or channelized 
reaches. These stream pattern reaches were further subdivided into riparian multi-species 
buffers, row-cropped fields, and grass pastures. All-possible stream pattern and land-use 
combinations were not present in the research reach. The four meandering combinations 
include a riparian multi-species buffer, two row cropped fields 6-7 km apart from each other 
and a pasture. The three channelized combinations include a riparian multi-species buffer and 
two row-crop fields 4-5 km apart from each other. All channelized reaches were treated as 
row cropped fields. The root system of the two year old riparian multi-species buffer of the 
channelized reach was not well established and the banks were still susceptible to flood scour 
(NRC, 1998). A description of the different reaches are presented in and Figure 2. 
Bank Erosion Pins 
The erosion pin method measures subtle differences in bank erosion over short time 
scales with high resolution (Wolman. 1959; Leopold, 1973: Imeson et aL 1974: Haigh. 1977; 
Hooke, 1979; Thorne. 1981: Murgatroyd et aL 1983: Lawler. 1993). Bear Creek has a 
drainage area of 77 km2 with banks composed of silty alluvial materiaL conditions under 
which erosion pins perform best (Hooke, 1979). 
Past observational bank erosion rates exceeded 50 cm i l in several banks in large 
flood events. Thus a pin length of 76 cm was selected for this study because at least one third 
of the pin must remain buried in the bank (Hooke, 1979). Pins with lengths up to 80 cm do 
not interfere with bank erosion (Hooke. 1979). A pin diameter of 0.6 cm was selected 
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Figure 2. The bank erosion treatment reaches and location of weirs along Bear Creek in 
north central Iowa. The dots are the plot location within the treatment reaches. 
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because it was commonly used in other erosion pin studies (Hooke. 1979: Lawler. 1993a). 
Smaller diameters minimize disturbance to the bank but too small diameters may bend during 
flood events. 
Pins were placed 1 m apart horizontally and 30 cm vertically (Hooke. 1979: Lawler . 
. 1993a). Vertical distances were shorter because of greater vertical bank substrate variability. 
The final placement of pins produced a rectangular grid, with pins at the intersection of 
horizontal distances of 1 m and vertical distances of 30 cm (Figure 3). It was estimated that 
average plots of 5-1 0 m width and 1.0-1.5 m height would require an average of 15-50 pins. 
The steel rod pins were inserted perpendicularly in the bank. The part of the pin that was 
exposed out of the bank was measured. Positive differences between subsequent pin 
measurements indicated bank erosion while negative differences indicated deposition. 
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Figure 3. Placement of pins in the bank along Bear Creek in north central Iowa. 
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Measurements were taken every month from June 1998 to May 1999. An additional 
measurement was made in June 1998 because a major flood occurred. No measurements 
were taken from December 1998 to February 1999 because most of the sites were not easily 
accessible and/or covered with ice. 
Assignment of Measurement Plots to Treatment Reaches 
It was determined that about a thousand pins could be effectively measured at one 
time. With about 30 pins in each plot a total of 30-35 measurement plots were available. The 
final number of plots for each treatment reach can be seen in Table 2. Plot assignments were 
randomly made within each reach based on the stream length and the number of eroding 
banks in the treatment reach. 
The number of eroding sites in each treatment reach was identified in a survey 
conducted in April of 1998. The sites were identified if they fit the severely and very 
severely eroded criteria according of the Natural Resources Conservation Services (NRCS. 
1998). According to the NRCS (1998). severe sites lose 9-15 cm and very severe sites more 
than 15 cm of bank. annually. 
Table 2. The number of erosion pin plots in each treatment reach along Bear Creek in 
north central Iowa. 
Treatment reach Number of plot with pins 
. Meander-Butler 7 
Meander-Cropped 1 2 
Meander-Cropped 2 6 
Meander-Pasture 9 
Chanelized-Cropped I 3 
Chanelized-Cropped 2 ') 
Chanelized-Cropped 3 4 
Footnote: The number after the lend-use practice describes treatment reaches with similar stream 
patterns and land-use practice in the research reach. 
Association of Erosion Rates with Precipitation Data 
The lack of gauging stations and discharge data for Bear Creek led to the use of 
precipitation data. The precipitation data was collected in a tipping bucket rain gauge that 
was part of a weather station located in meander-buffer reach. Bank erosion has been 
associated with high precipitation events (Hill, 1973: Hagerty et al.. 1983). Certain 
precipitation parameters can give indirect indications of high river discharges that can cause 
bank erosion (HilL 1973: Hagerty, 1983). The precipitation parameters used in this study 
were cumulative rainfall. and total precipitation and maximum daily precipitation for each 
measurement period. 
Results and Discussion 
Occurrence of Bank Erosion 
All plots experienced 70-90 percent of their bank erosion in the months of June. 1998 
and April. 1999 (Tables 3 and 4). Previously published observations also show that bank 
erosion is an episodic phenomenon (Hooke. 1979: Hagerty et al.. 1981: Lawler. 1994). In 
June. 1998 a flood occurred. while in April, 1999 high intensity precipitation led to high 
discharges but no overbank flow. Brief sudden floods (Lawler. 1992). that are typical in 
small to medium stream systems (FISRWG. 1998). and high discharges (Hooke. 1979: and 
Hagertyet al., 1983) have been associated with bank erosion. 
Rainfall and Bank Erosion 
The cumulative precipitation and cumulative bank erosion showed a positive 
relationship with a r2 = 0.59 (Figure 4). In most cases higher total and maximum daily 
precipitation was associated with higher bank erosion (Figure 5 and 6). 
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Table 3. Mean bank erosion rates of all 34 plots along Bear Creek in north central 
Iowa, for the erosion pin measurement dates. 
Mean bank erosion rates (cm) 
Dates 1998 1999 
Jun. 
23 
9.0 
Jul. 
6 
1.9 
Jul. 
21 
0.0 
Sep. 
8 
0.2 
Oct. 
13 
0.1 
Sep. 
28 
-0.4 
Feb. 
27 
0.8 
Apr. 
4 
-0.3 
Apr. 
18 
8.9 
May 
7 
2.6 
Table 4. Bank erosion rates of the treatment reaches along Bear Creek in north central 
Iowa, for the erosion pin measurement dates. 
Bank erosion rates for the treatment reaches (cm) 
Dates Meander Meander Meander Meander Channel. Channel. Channel. 
-buffer -cropped -cropped -pasture -cropped -cropped -cropped 
1 2 1 ~ 
1998 
Jun. 23 4.4 17.7 9.4 8.4 11.6 10.6 6.8 
.luI. 7 1.6 5.8 2.3 1.1 1.0 1.2 3.0 
Jul. 21 0.1 0.0 0.3 0.0 0.6 0.0 0.1 
Sep. 8 0.2 -O.l 0.2 0.2 0.4 0.2 0.4 
Oct. 13 0.1 1.0 0.1 -0.2 0.1 0.2 0.2 
Nov. 28 -0.9 0.2 0.0 -0.5 -1.0 -0.4 -0.3 
1999 
Feb. 27 0.9 2.1 -0.9 2.7 1.7 -1.0 0.7 
Apr. 4 -0.7 2.5 -0.5 * -1.9 -0.6 * 
Apr. 18 5.5 18.4 7.7 8.0 7.6 11.1 10.9 
May 7 1.2 2.4 2.7 .., ') .).- 5.2 2.7 2.1 
Footnote I = * missing data 
Footnote 2 = Channel. = Channelized 
Between April 4 to 18. 1999 and June 6 to 23, 1998 the research reach experienced 
the highest amount of bank erosion. In June, 1998 a major flood event was responsible for 
the bank erosion. During the winter months freeze and thaw made the bank soil very ii'iable 
(Lusby, 1977; Hagerty, 1983), something that was noticed during the February 27. 1999 pin 
measurements. Consequently in ApriL 1999 high discharge. but no overbank flow. led to the 
same amount of bank erosion as in June: 1998. 
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Figure 4. Cumulative bank erosion versus cumulative rainfall from June 6, 
1998 to May 7,1999 along Bear Creek in north central Iowa. The points 
represent dates pins were measured. The trendline has a r2= 0.59 and the 
equation is y=0.17x + 3.7. 
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Fluid entrainment and subareal processes (like freeze and thaw). should be the 
dominant bank erosion processes in Bear Creek because it has a drainage area of 77 km2 and 
the research reach is in the middle course of the stream of Bear Creek. 
Erosion Rates Under Different Land-Use Practices and Stream Patterns 
Bank erosion rates were compared by using the General Linear Model (GLM) 
procedure (SAS, 1988). The data was divided into three time periods: June. 1998 to 
November, 1998, December, 1998 to May, 1999, and the entire study period (June. 1998 to 
May, 1999). 
The mean bank erosion for the combinations of land-use practices along both stream 
patterns and the treatment reaches are presented in Table 5 and Figure 7. respectively. The 
meander pasture was further divided in two sub-reaches, a cow and horse pasture. The results 
of the most important GLM tests are presented in Table 6. 
The first GLM model included combinations of all land-use practices along both 
stream patterns with June 1998 to November 1998 and the entire study period had p-values 
of 0.084 and 0.078, respectively. When only land-use practices in meandering reaches were 
tested, the differences in the erosion rates were significant at the 5% level for all periods. 
This indicated that land-use practices influenced bank erosion rates. The meander-
buffer experienced 12 cm of bank erosion for the entire study period while the meander-
channelized (mean) had 34 cm and the meander-pasture had 25 cm of bank erosion. 
The erosion rates between the two neighboring pastures in the meander pasture were 
significantly different for the entire period and from June, 1998 to November.1998. The 
meander cow pasture banks lost 18 cm and 12 em of soil more then the meander horse 
pasture during the entire period from June. 1998 to November, 1998. respectively. This 
28 
Table 5. Mean bank erosion rates for the treatment reaches along Bear Creek in north 
central Iowa. 
Bank Erosion (em) 
June '98 to Nov. '98 Dec. 98 to Mav "99 Total 
Treatment Reaches Mean 
Meander-buffer 5.6 
Meander-Cropped 16.5 
(mean) 
Meander-pasture 12.2 
Chanelized- 10.4 
cropped (mean) 
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Figure 7. The mean erosion rates and the standard errors for the treatment reaches 
from June, 1998 to May, 1999 along Bear Creek in north central Iowa. The data has 
been divided in three ,time periods, June to November 1998, December 1998 to May 
1999, and June1998 to May 1999. The first letter refers to stream pattern with M = 
meandering and C = channelized, and the second letter refers to the land-usc practice 
with B = buffer, C = row-crop, and P = pasture. The number refers to the reaches with 
similar land-usc practice and stream pattern. The third letter refers to type of pasture 
C = cow and H = horse. 
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Table 6. The p-values of the different GLM models for different comparisons between 
land-use practices and stream patterns along Bear Creek in north central Iowa. 
P-Values 
Jun. to Nov. Dec. to May Entire study 
Models 1998 1999 period 
All combinations of land- 0.084 0.204 0.078 
uses and stream patterns 
Land-uses in meanders 0.048 0.035 0.020 
M-P C vs M-P H 0.030 0.317 0.018 
C-C (mean) vs M-C (mean) 0.132 0.251 0.122 
M-C above and below weirs 0.263 0.107 0.137 
C-C above and below weirs 0.716 0.566 0.637 
Footnote I: Error type III SS was used because of the unequal numbers of plots 
Footnote 2: The first letter refers to stream pattern with M == meandering and C == channelized and the second 
letter refers to the land-use practice with C = row-crop, and P = pasture. M-P-C cow meander pasture, M-P-H 
horse meander pasture. 
could have resulted from overgrazing in the cow meander pasture. The animal units per acre 
. . 
in the meander cow pasture where three times higher than in the meander horse pasture. 
From December, 1998 to April, 1999 the bank erosion difference was only 3 cm. Both 
pastures were not grazed from October I, 1998 to April 30. 
The two weirs located on the upper and lower ends of the meander-buffer reach may 
have had an impact on bank erosion. Weirs slow water velocity and lead to deposition of 
sediment above the weir that makes the downstream water hungrier for sediment (Thoms et 
aI., 1989; Walker et. aI, 1992). Meander-cropped 1 and channelized-cropped 1 are located 
downstream of the weirs while meander-cropped 2 and channelized-cropped 2 are located 
upstream. Both reaches below the weirs experienced more bank erosion. The difference 
between the meander-cropped reaches was 27 cm while in the channelized-cropped reaches 
was only 7 cm (Figure 7). In both cases the GLM procedure showed no significant 
differences (Table 6). 
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Differences between stream patterns were not significant (Table 6). although the 
meander-cropped had 12 cm more bank erosion for the entire period then the channelized-
cropped. The aspect of the eroding banks also showed no differences. Aspect could have 
shown the influence of the freeze and thaw process on bank erosion. 
Variation in erosion rates was evident in plots ofthe same treatment reach. It is 
typical even between neighboring bends even if they experience similar conditions (Hooke. 
1980). This is not unusual. because natural streams and creeks show patchiness and are not 
uniform (NRC, 1988). 
Problems with Erosion Pins 
Pins could not be measured in the winter because many of them were covered with 
snow and/or ice. Pins were also lost when bank erosion rates exceeded 50 em. Many of these 
pins were found on the streambed. For these lost pins a minimum erosion rate of 50 cm was 
used, because many other pins were still in the bank although more then 50 cm was exposed. 
Finally, when the stream water was high. the bottom rows were difficult to measure. 
CONCLUSION 
Bank erosion rates along Bear Creek for all land-use practices and stream patterns 
increased dramatically during specific events. but were minimal during mostofthe year. 
These events included a flood in June 1998 and high stream discharges in April 1999. 
A relationship between the amount of rainfall and bank erosion rates exists. Bank 
erosion rates are related to the high rainfall that occurs in one day or in a period of a couple 
days that lead to floods or high discharges. Freeze and thaw also increased bank erosion by 
making the bank soil more susceptible to floods. 
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Bank erosion rates for land-use practices in meanders showed significant differences. 
Buffers showed the least bank erosion even though they only ranged from 6 to 9 years of age. 
Buffers stabilize and protect the banks with their vegetation and roots systems. In all other 
land-use practices, the mean bank erosion was at least 9 cm higher over the study period. The 
row-cropped fields and the cow pasture along meanders had the highest bank erosion. 
Channelized reaches did not show very high erosion rates. 
Riparian multi-species buffers can decrease the accelerated bank erosion and be 
attractive to farmers. In Iowa agriculture reaches along the stream will be subsidized when 
planted in riparian multi-species buffer vegetation. These reaches lost have little crop 
production when floods occur. Therefore, society will benefit from bank stabilization and 
other environmental benefits from riparian multi-species buffers while the farmer can 
overshadow the loss of the agricultural land. 
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CHAPTER 3. DIFFERENCES IN SOIL LOSS FROM BANK EROSION 
UNDER DIFFERENT LAND-USE PRACTICES AND STREAM 
PATTERNS ALONG BEAR CREEK IN NORTH CENTRAL lOW A 
A paper to be submitted to the Journal of Environmental Quality 
George N. Zaimes, Richard C. Schultz, Thomas M. Isenhart 
Abstract 
Sediment is the major non-point source pollutant in Iowa streams. Sources of 
sediment in the.J)tream can be surface runoff, streambed erosion and stream bank erosion. 
The percentage of contribution from each process varies, depending on the stream. 
Streambank erosion can contribute up to 59 percent of the sediment load. Reducing this 
erosion can be accomplished by re-establishing riparian multi-species buffers in areas that are 
row-cropped or intensively grazed. This project estimated soil loss from bank erosion in 
riparian multi-species buffers. row crop fields and grass pastures along meandering and 
channelized stream reaches. Soil losses were estimated by applying bulk density and erosion 
rate data to the height and length of the eroding bank sites in the study reach. Erosion rates 
were monitored using pins that have high resolution and are preferred for short time scales. 
Eleven hundred pins were distributed in 33 plots and measured approximately every month. 
Bulk densities were measured by taking the cores from the face of the bank. The smallest 
soil losses (55 kg m" yr''), occurred in a buffered meandering reach. The meandering crop 
and pasture reaches had 288 and 197 kg m" yr", respectively. If the whole research reach 
had been under riparian multi-species buffer vegetation the soil lost from bank erosion would 
have decreased by 1900 Mg yr", a 62 percent reduction. This is indicative of the importance 
of establishing multi-species buffers in the riparian areas of streams. 
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Introduction 
This study compared soil loss from bank erosion in riparian multi-species buffers. 
row-crops and pastures along meandering and channelized stream reaches. 
Leaving natural buffers or planting buffers along streams can reduce bank erosion 
(Welsch, 1991; Petersen et aI., 1992; Shields et aI., 1995; Beeson et al.. 1996). Vegetation 
increases bank strength (Hickin, 1984) and bank erodibilty is reduced as root density 
increases (Smith, 1976). Loss of buffer vegetation transforms the f100dplain into a source of 
sediment and nutrients (Fehrenbacher et aI., 1977). Areas without vegetation have up to five 
times more chance of detectable erosion in f100d events than comparable areas without 
riparian vegetation and major bank erosion on non-vegetated sites is 30 times more prevalent 
compared to vegetated sites (Beeson et aI., 1996). 
Sediment is the major non-point source (NPS) pollutant by volume in streams in the 
Midwest (Iowa Dept. Natural Resources, 1997). Agriculture, primarily row-cropping and 
grazing, is the major source of sediment nationwide in rivers, contributing up to 64 percent 
(ASIWPCA, 1984). In Iowa, 70 percent of the land is devoted to agriculture (Burtkhart. 
1994). Hydromodification caused by channelization may also contribute 26 to 50 percent of 
NPS pollutants in rivers in Iowa (ASIWPA, 1984). Bank erosion may contribute from 5 to 59 
percent of the sediment in streams (Anderson, 1954; Striff1er 1964: Stott et aI. 1983; US 
Army Corps of Engineers, 1983; Odgaard, 1984; Lawler, 1993b). 
The increase of sediment load in streams decreases water quality, degrades aquatic 
life (Iowa Dept. Natural Resources, 1997), increases f100ding (Barnes, 1968), and increases 
sedimentation and turbidity downstream (FISRWG, 1998). Sedimentation fills reservoirs 
decreasing reservoir storage that leads to dredging (Petersen, 1992). This indirectly 
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diminishes flood control and provides less dependable water for drinking. irrigation and 
recreation needs (Wilkin et aI., 1982). 
Methods and Materials 
Site Description 
This study was conducted in an 11 km reach of Bear Creek, located in north central 
Iowa. The research reach starts from county road D65 in Hamilton County extending 
downstream to county road R 77 in Story County. It contains riparian reaches ofrow-crops. 
grass pastures, and riparian multi-species buffers along meandering or channelized reaches. 
The 20 meter wide multi-species riparian buffers consist of three vegetation zones 
(Isenhart et aI., 1997). The first zone, located nearest to the stream course is composed of 
trees that stabilize the stream bank and provide long term nutrient storage. The second zone 
includes shrubs that increase habitat diversity and reduce floodwater velocities. The third 
zone consists of warm-season grasses that reduce sediment load and agricultural chemicals 
for surface runoff. 
Com (Zea mays L.) and soybeans (Glacyline max L.) are growing in alternating yea~s 
on the crop ground and livestock grazing is usually confined to the riparian zone. A narrow 
strip of grass along the stream exists in most crop fields. 
The dominant soil series in the research reach are Coland and Spillville-Coland 
association (Figure 8). Both Coland (fine-loamy, mixed, mesic Cumulic Haplaquolls) and 
Spillville (fine-loamy. mixed, mesic Cumulic Hapludolls) soils are moderately permeable 
alluvial soils, although Coland is deeper. finer in texture and more poorly drained (De Witt, 
1984). 
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Spillville-Coland 1 North 
Figure 8. The distribution of Coland and Spillville-Coland soil series along the 
research reach of Bear Creek in north central Iowa. 
Treatment Reaches 
The study reach was divided by stream pattern into meandering and channelized reaches. 
These stream reaches were further subdivided into riparian multi-species buffers, row-
cropped and pasture fields (Figure 9). All possible combinations were not present. The four 
meandering combinations had a multi-species riparian buffer, two crop fields, 6-7 km apart 
from each other, and a pasture. The channelized reaches included a multi-species riparian 
buffer and two crop fields, 4-5 km apart from each other. The two-year old riparian multi-
species buffer in the channelized reach was treated as a row crop field because it was not 
well established. 
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Figure 9. The bank erosion treatment reaches and location of weirs along Bear Creel" in 
north central Iowa. The dots are the plot location within the treatment reaches. 
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Bank Surveys 
Two bank surveys were conducted. The Natural Resources Conservation Service's 
criteria (NRCS, 1998) for severely and very severely eroding sites was used to identify the 
number of eroding sites in the study reach in April 1998. According to the NRCS (1998). 
severe sites lose 9-15 cm yr I and very severe sites lose more than 15 cm yr I of bank. In 
August, 1999 the eroding length and the height at two meter intervals. was measured at each 
eroding site in the study reach. The orthogonal height of the bank was measured with a 
scaled height pole. This second survey was conducted to estimate the total eroding area for 
each treatment reach. 
Bank Erosion Pins 
The erosion pin method was used to measure short time scale bank erosion with high 
resolution (Wolman 1959; Leopold 1973; Hooke 1979; Thorne 1981: Lawler 1992a). Pins 76 
cm in length and 0.6 cm in diameter were inserted in the banks perpendicularly. A 1 m and 
0.3 m rectangular interval was used for horizontal and vertical distances. respectively 
(Hooke. 1979; Lawler, 1992a) (Figure 10). Vertical distances were closer because bank 
erosion is more variable vertically than longitudinally. An average of 30 pins was estimated 
for each plot. It was determined that about a thousand pins could be effectively measured at 
one time. With about 30 pins in each plot a total of30-35 measurement plots were available. 
The final number of plots for each treatment reach can be seen in Table 7. Plot assignments 
were randomly made within each reach based on the stream reach length and the number of 
eroding banks in the reach. The pins were measured every month from June. 1998 to May. 
1999 except from December to February when most plots were not easily accessible or 
covered with snow and ice. 
e------- Im-----e 
e--------lm-----e 
e--------l m -----e 
e--------l m -----e 
Legend e Pin 
t Vertical distance 
---- Horizontal distance 
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Figure 10. Placement of pins in the bank along Bear Creek in north central Iowa. 
Table 7. The treatment reaches, and the number of erosion pin and bulk density plots 
along Bear Creek in north central Iowa. 
Description of Treatment Number of erosion pin Number of bulk density plots 
Reaches plots 
Meandering reach with 7 
buffer vegetation . 
Meandering reach with 
row-crops 1 
Meandering reach with 
row crops 2 
Meandering reach with a 
grass pasture 
Channelized reach with 
row crops 1 
Channelized reach with 
row crops 2 
Channelized reach with 
row crops 3 
2 
6 
9 
2 
4 
2 
4 
., 
-' 
5 
2 
2 
Footnote: The number after the lend-use practice describes treatment reaches with similar stream 
patterns and land-use practice in the research reach. 
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Bulk Density Measurements 
The core method was used to estimate bulk density (Blake et al.. 1986). The core 
probe had a diameter 6.4 mm of and a length of 40 cm. The core probe was inserted 
perpendicularly into the bank at 30 cm intervals along a randomly selected vertical line. The 
30 cm interv-als correlate with the spacing of the pins. Core samples were collected 
immediately adjacent to the erosion pin plots where eroding sites were large enough. Where 
eroding sites where almost entirely covered by pins, cores were taken from the next adjacent 
eroding site with similar characteristics. Fifty percent of the erosion pin plot sites were 
sampled. The number of core plots in each section can be seen in Table 7. The cores had a 
volume 1600 cm3, and were weighed after being dried for 24 hours at 105°C. 
Results and Discussion 
Bank Erosion 
Bank erosion is an episodic phenomenon (Hooke, 1979; Hagerty, 1981: Lawler, 
1994). All plots in this study experienced 70-90 percent of their bank erosion during the 
months of June, 1998 and April, 1999. The average bank erosion of all plots for each month 
was approximately 9 cm. 
The data were separated into three periods; June, 1998 to November, 1998. 
December, 1998 to May, 1999, and the entire period (June, 1998 to May. 1999) (Table 8). 
Bank erosion rates showed differences from June to November, 1998 (p = 0.08) and 
the entire period (p= 0.08), when comparing the combinations of land-use practices along 
meandering and channelized reaches. Along meandering reaches of different land-use 
practices differences were significant over each of the time periods (June to November. 1998. 
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Table 8. Mean bank erosion rates for the combinations of land-use practices and the 
stream ~atterns, along Bear Creek in north central Iowa. 
Bank Erosion (cm) 
Treatment June '98 to Nov. '98 Dec. 98 to May '99 Total 
Reaches Mean(cm) St. Err. Mean(cm) St. Err. Mean(cm) St. Err. 
Meander-Buffer 5.6 2.8 6.9 "I "I 12.4 5.3 -'.-' 
Meander-cropped 21.7 5.2 25.4 6.1 46.8 9.9 
1 
Meander-cropped 11.3 3.0 9.4 3.5 20.3 5.7 
2 
Mean 16.5 3.0 17.4 3.5 33.6 5.7 
Meander- horse 6.5 2.8 11.5 "I "I 17.3 5.3 
-'.-' 
pasture 
Meander- cow 17.8 5.2 15.5 6.1 33.5 9.9 
pasture 
Mean 12.2 2.9 13.5 3.5 25.4 5.6 
Channelized- 12.1 5.2 13.7 6.1 24.9 9.9 
cropped 1 
Channelized- 9.2 3.7 8.7 4.3 17.3 7.0 
cropped 2 
Channelized- 10.0 4.2 13.6 5.0 23.0 8.1 
cropped 3 
Mean 10.4 2.5 12.0 3.0 21.7 4.9 
p= 0.05; December to May, 1999, p= 0.04; and over the entire period, p = 0.02). The 
meander-buffer experienced only 12 cm soil loss compared to the 34 cm of soil lost in the 
meander-cropped reaches and the 25 cm lost in the meander-pasture. This is an indication of 
the importance of land-use practices on bank erosion. 
Anotherindicator of the importance afland-use practices can be seen in the two 
pastures. The two pastures had significantly different bank erosion from June to November 
1998 (p = 0.03) and over the entire study period (p = 0.02). Both pastures were not grazed 
from October 1, 1998 until April 3, 1999. When grazed, the animal units per acre were three 
times higher in the meander-cow pasture. These affects are represented in the bank erosion 
44 
rates. The meander-cow pasture lost 17 cm more soil over the entire period and 12 cm more 
from June to November 1998 than the meander-horse pasture. In contrast from December. 
1998 to May, 1999 the meander-cow pasture lost only 3 cm more of soil than the meander-
horse pasture. During most of this period both pastures were not grazed. When comparing 
row-crop fields, the bank erosion differences between meander and channelized reaches were 
not significant. 
Bank Survey Results 
The percent of eroding length for each treatment reach (Table 9) was much higher 
then the average 2 percent eroding length in the United States (U.S. Army Corp of Engineers. 
1981 b). 
The channelized-cropped 2 and channelized-cropped 3 reaches had the least percent 
eroding length. The channelized-cropped 1 reach had a much higher percent maybe because 
ofthe two weirs located upstream. The meander-buffer reach had a smaller percent compared 
to the meander-pasture and the meander-cropped 1 and 2. Although the two meander-
cropped reaches had different bank erosion means (Table 9). their percents eroding length 
were similar. 
The meander-buffer included a nine year old and a six year old buffer. In the nine-
year old buffer only 22'percent of the bank length was eroding. This percentage was smaller 
then the percent of bank length that was eroding in the channelized-cropped 2 and 3 reaches. 
The percent bank eroding length of the six-year old buffer was a little higher at 28 percent. 
These numbers suggest that as a buffer becomes more established, bank stabilization 
increases. 
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Table 9. The number of eroding sites and the percent eroding length of the treatment 
reaches, along Bear Creek in north central Iowa. 
Treatment Bank Total Bank eroded 
Reach eroding length Length 
Meander-
buffer 
Meander-
cropped 1 
Meander-
cropped 2 
Total 
Mean 
Meander-
horse pasture 
Meander-
cow pasture 
Total 
Mean 
Channelized-
cropped 1 
Channelized-
cropped 2 
Channelized-
cropped 3 
Total 
Mean 
sites (#) (m) (m) 
139 6377 1732 
..,.., 1409 627 .).) 
221 2749 1208 
254 4158 1835 
75 2212 705 
67 2139 1098 
142 4351 1803 
100 1169 445 
68 3748 892 
115 2218 516 
283 6135 1853 
Eroding 
length 
(%) 
27.2 
44.5 
43.9 
44.1 
31.8 
51.3 
41.4 
38.1 
23.8 
,'" .., 
--' . .) 
30.2 
Footnote 1: % eroding bank length = total eroding length / the total length of the section 
Total area 
2369 
1015 
1642 
2657 
938 
1638 
2574 
629 
1084 
732 
2345 
Footnote 2: Area = sum of the area (length x average height) of all eroding sites in each treatment reach. 
The meander-cow pasture was more heavily grazed then the meander-horse pasture. 
During the period when both pastures were used, the meander-cow pasture had higher bank 
erosion rates then the meander-horse pasture (Table 9). These differences were also evident 
in the percent eroding length where the meander-cow pasture had almost a 20 percent higher 
eroding length then the meander-horse pasture. The meander-cow pasture percent was eve 
longer then that of the meander-cropped reaches. 
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Bulk Densities 
The soil series in the research reach are very similar and thus differences in bulk 
density were not expected (Table 10). In the meandering reaches. the buffer had the lowest 
mean bulk density with 1.24 g em -3, while the row-cropped fields had a mean of 1.3 1 g cm-3 
and the pasture had a mean of 1.34 g cm-3. In the channelized reaches, the cropped reaches 
had a mean bulk density of 1.38 g cm-3. These bulk densities are similar to bulk densities 
found in similar sedimentary material (Burras et aI.. 1987). 
There was a lot of variability between vertical bulk density samples within plots 
(Appendix). Ruhe et ai. (1975) had similar results in vertical profiles of bulk densities. This 
is typical because banks are created by sediment transport, sediment deposition and soil 
development process. 
Bank Soil Loss 
The meander-buffer reach produced the lowest bank soil loss per unit length with 55 
kg m- I y{l. The mean bank soil loss per unit length for the meander-cropped and meander-
Table 10. Bulk densities of the treatment reaches, along Bear Creek in north central 
Iowa. 
Treatment Reach Code 
Meander-buffer 
Bulk Density 
(gr cm-3) 
1.20 
Meander-cropped 1 1.34 
Meander-cropped 2 1.33 
Meander-horse pasture 1.31 
Meander-cow pasture 1.33 
Channelized-cropped 1 1.42 
Channelized-cropped 2 1.40 
Channelized-cropped 3 1.32 
Footnote: The number after the lend-use practice describes treatment reaches with similar stream 
patterns and land-use practice in the research reach. 
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pasture reaches was 288 and 197 kg m- I y{l, respectively. The bank soil loss for the 
meander- buffer reach was also lower than the mean from the channelized cropped reaches. 
The meander-horse pasture horse also had considerably lower bank soil loss then the 
meander-cow pasture that was grazed three times more intensively. These results show the 
importance of land-use practices in sediment yields production (Table 11). 
In the 11 km research reach the total bank soil loss frolll June to May, 1999 was 3082 
Mg y{1 under current land-use practices. Assuming the entire 11 km reach had been in 
Table 11. Bank soil loss per unit length for the combinations ofland-use practices under 
different stream patterns along Bear Creek in north central Iowa. 
Treatment Area Bulk Bank Total bank Length Bank soil loss 
Reach Density erosion soil loss per length 
(m2) (kg cm-3) (m y{l) (Mg y{1 ) (m) (kg m- I y{l) 
Meander- 2369 1200 0.12 353 6377 55 
buffer 
Meander- 1015 1340 0.47 637 1409 452 
cropped 1 
Meander- 1642 1340 0.20 447 2749 161 
cropped 2 
Mean 2657 1340 0.34 1196 4158 288 
Meander- 938 1310 0.17 213 2212 96 
pasture horse 
Meander- 1638 1330 0.34 730 2139 341 
pasture cow 
Mean 2574 1310 0.25 856 4351 197 
Channelized- 629 1420 0.25 222 1169 190 
cropped 1 
Channelized- 1084 1400 0.17 263 3748 70 
cropped 2 
Channelized- 732 1320, . 0.23 222 2218 100 
cropped 3 
Mean 1713 1380 0.22 513 6135 84 
Footnote I: Area - sum of the area (length x average height) of all eroding sites in each treatment reach. 
Footnote 2: Total bank soil loss = Area x bank erosion 
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riparian multi-species buffer then estimated bank soil loss would have been 1158 Mg yr-'. 
This would decrease the bank soil loss by 1924 Mg y{', a 62 percent reduction. This result is 
even more important when you factor in that 3 km of the 11 km already are in well 
established riparian multi-species buffer vegetation. 
Conclusion 
Land-use practices influence bank erosion loss significantly. In the meandering 
reaches the differences in bank erosion ofland-use practice were statistically significant. 
Stream banks with riparian multi-species buffers in meandering reaches lost 290 and 200 kg 
y{' less soil compared to other row-cropped fields and pastures in meandering reaches. 
respectively. The importance ofland-use practices intensity was evident in the pasture 
meander. The cow pasture that was more heavily grazed lost 245 kg mol y(' more then the 
horse pasture. 
Using the results of this study it is estimated that if a riparian multi-species buffer was 
well established along the 11 km reach of Bear Creek there would be a 62 percent reduction 
of soil lost from the stream banks. Reducing soil loss from the banks will decrease the stream 
sediment load of streams while the Conservation Reserve practices will subsidize famlers for 
the lost agricultural land. 
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CHAPTER 4. GENERAL CONCLUSIONS 
Bank erosion rates in Bear Creek for all land-use practices and stream patterns 
increased dramatically during specific events, while bank erosion most of the year was 
minimal. The events included a flood in June, 1998 and high stream discharges in April, 
1999. A relationship between the amount of rainfall and bank erosion rates exists. Bank 
erosion rates are more closely related to the high rainfall that occurs in one day or in a period 
of a couple days that lead to floods or high discharges. 
Land-use practices influenced bank erosion significantly. In the meandering reaches 
the differences in bank erosion of land-use practices were statistically significant. Buffers 
showed the least bank erosion of all land-use practices with only 12 cm yr-I. Buffers stabilize 
and protect the banks with their vegetation and root systems. In the meander-cropped (34 cm) 
and the meander-pasture (25 cm) the mean bank erosion was three and two times higher then 
the along the meander buffer reach, respectively, over the study period. The importance of 
land-use practice intensity was evident in the pasture meander. The meander cow pasture ( 18 
cm) had three times as high bank erosion compared to the adjacent horse meander horse 
pasture (6 cm), during the period both pasture were grazed. Interestingly the meander cow 
pasture also had three times the number of animal units per acre compared to the meander 
horse pasture. The row-cropped fields along meanders had the highest mean bank erosion 
with 34 cm yrl. Channelized reaches did not show very high erosion rates. 
The percent eroding length also followed a similar trend. Meander-buffers had the 
least with 27 percent of their banks eroding and the channelized-cropped had 30 percent. 
Meander-cropped reaches had the highest with 44 percent, followed closely with 41 percent. 
Again the meander cow pasture was higher the meander horse pasture by 20 percent. 
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Riparian multi-species buffers in meandering reaches also had a much lower bank soil 
loss compared to other row-cropped fields and pastures in meandering reaches by 233 and 
142 kg m-I yrl, respectively. The cow pasture that was more heavily grazed lost 245 
kg m-I yrl then the horse pasture. Using the results of this study it is estimated that if a 
riparian multi-species buffer was well established along the entire 11 km reach of Bear creek 
there would be a 62 percent reduction of soil loss from bank erosion. 
These results show that in riparian multi species buffers have less soil loss per meter 
and shorter eroding bank length. Buffer vegetation will cover most banks faces. This results 
in banks that are not large contributors of sediment. Even when the face of the banks are bare 
the extensive root systems of the vegetation on the bank increase the bank material strength 
and decrease the effectiveness of bank erosion mechanisms. 
Riparian multi-species buffers reduce the sediment load from surface runoff (Lee et 
aI., 1999). By eliminating these two sources of sediment for streams_ the sediment load can 
be reduced substantially. Buffers will help eliminate a problem primarily caused by 
agriculture, by using a small fraction of agricultural land adjacent to the stream. 
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Appendix Table 1. The daily rainfall (em) from May 1, 1998 to May 26, 1999 
Date 
511198 
512/98 
5/3/98 
5/4/98 
515/98 
5/6/98 
5/7/98 
5/8/98 
5/9/98 
5/10/98 
5/11198 
5112/98 
5113/98 
5/14/98 
5/15/98 
5/16/98 
5/17/98 
5/18/98 
5/19/98 
Rain Date Rain Date Rain 
(em) (em) (em) 
o 6/19/98 0 817198 0.2286 
0.406 6/20/98 4.6228 8/8/98 0 
0.Q25 6/21/98 0 8/9/98 0 
o 6122/98 0 8110/98 0 
o 6123/98 o 8/11198 o 
0.254 6/24/98 3.2258 8/12/98 0 
0.051 6/25/98 0 8/13/98 1.4732 
o 6/26/98 0 8114198 1.7272 
0.203 6127/98 0.508 8115/98 0.0254 
o 6128/98 0.0254 8116/98 0 
o 6129/98 2.2352 8117/98 0.4318 
0.660 6/30/98 0 8/18/98 0 
o 7/1198 0 8/19/98 0 
o 7/2198 0 8120/98 0.8382 
0.711 7/3198 0.3556 8/21/98 0.127 
o 7/4/98 0.0254 8/22/98 0 
o 7/5198 0.127 8123/98 0 
o 
o 
716/98 
717198 
1.4732 
0.127 
8124/98 0.0254 
8125/98 0 
5/20/98 0.737 7/8/98 0.0254 8/26/98 0 
5121198 0.076 7/9/98 0 8/27/98 4.318 
5/22/98 1.041 7/10/98 
5123/98 1.397 7/11/98 
5124/98 0 7/12198 
o 
o 
o 
5/25/98 
5126198 
5127198 
0.127 7/13/98 0 
o 7/14/98 0 
o 7115198 0.4318 
5128/98 1.016 7116/98 0 
5/29/98 0.4318 7/17/98 3.3782 
5/30/98 0.559 7/18/98 0 
5/31/98 0 7/19/98 0 
6/1198 0.127 7/20/98 
6/2198 
6/3/98 
6/4/98 
6/5/98 
6/6/98 
617198 
618/98 
6/9/98 
6/10/98 
6/11198 
6/12/98 
6/13198 
6/14/98 
6/15/98 
6116198 
6/17/98 
6118198 
o 7/21/98 
0.686 7/22/98 
o 7/23/98 
0.279 7/24/98 
0.229 7/25/98 
0.025 7/26/98 
2.311 7/27/98 
0.356 7128/98 
o 7129198 
4343 
0.051 
o 
6.096 
o 
o 
0.254 
5.918 
7/30/98 
7/31/98 
811198 
812/98 
8/3/98 
8/4/98 
8/5/98 
8/6/98 
o 
o 
0.254 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
0.178 
0.991 
0.127 
0.381 
1.041 
8128/98 0.127 
8/29/98 0 
8/30/98 0 
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9/1198 
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o 
o 
o 
o 
o 
o 
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918/98 0 
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9110/98 0 
9/11/98 0 
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9113/98 0 
9114/98 0.2032 
9115/98 0 
9116/98 0 
9117/98 
9118/98 
9119198 
9/20/98 
9/21198 
9122/98 
9/23/98 
9124/98 
o 
o 
0.508 
0.4572 
o 
o 
0.4064 
0.127 
Date 
9/25/98 
9/26/98 
9/27/98 
9/28/98 
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9/30/98 
10/1/98 
10/2/98 
10/3/98 
10/4/98 
10/5/98 
1016198 
Rain 
(em) 
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o 
o 
o 
0.0762 
o 
1.143 
1.3208 
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0.0762 
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Appendix Table 3. Bulk densities of every core in each treatment reach. 
Crop-Channelized section 1 2 2 3 3 
Plot number 1 1 2 1 2 
Length to the Bank Top 
30 1.4 1.45 1.39 1.32 1.29 
60 1.41 1.57 1.34 1.35 1.26 
90 1.42 1.26 1.42 
120 1.43 1.27 
150 1.31 
MEAN PLOT 1.42 1.43 1.37 1.34 1.31 
MEAN SECTION 1.42 1.40 1.32 
MEAN LAND-USE 1.37 
Buffer-Meander section 1 1 1 1 
Plot nymber 1 2 3 4 
Length to the Bank Top 
30 1.29 1.23 1.04 1.15 
60 
~ 
1.29 1.12 NP 1.33 
90 1.46 NP 1.29 
MEAN PLOT 1.35 1.18 1.04 1.26 
MEAN SECTION 1.20 
MEAN LAND-USE 1.20 
Crop-Meander section 1 2 2 2 
Plot number 1 1 2 3 
Length to the Bank Top 
30 1.11 1.32 1.37 1.13 
60 1.23 1.45 1.40 1.47 
90 1.47 1.24 1.22 
120 1.28 1.37 1.26 
150 1.63 1.19 1.31 
180 1.34 1.39 1.33 
210 1.34 
240 1.43 
MEAN PLOT 1.34 1.33 1.39 1.31 
MEAN SECTION 1.34 1.34 
MEAN LAND-USE 1.34 
Pasture-Meander horse horse horse horse cow 
Plot number 1 2 3 4 1 
Length to the Bank Top 
30 1.36 1.29 1.31 1.05 1.37 
60 1.37 1.29 1.32 1.28 1.42 
90 1.42 1.46 1.46 1.34 1.34 
120 1.34 1.4 1.20 1.24 1.44 
150 1.44 1.46 1.49 1.29 1.35 
180 1.35 1.24 1.10 1.20 1.06 
210 1.06 1.45 1.31 1.15 
MEAN PLOT 1.33 1.37 1.31 1.22 1.33 
MEAN SECTION 1.31 1.33 
MEAN LAND-USE 1.31 
